Objectives: To evaluate the efficacy and safety of indiplon in primary insomnia. Design: Randomized, double-blind, placebo-controlled, 3-month study. Setting: Multi-center outpatient setting. Patients: N=702 (61% female; mean age 46 years) who met DSM-IV criteria for primary insomnia of at least 3 months' duration. Interventions: Indiplon 10 mg (n=236), indiplon 20 mg (n=233), or placebo (n=233). Measurements: Subjective assessment of each of the following: latency to sleep onset (sLSO), total sleep time (sTST), number of awakenings after sleep onset (sNAASO), wake time after sleep onset (sWASO), sleep quality, Insomnia Severity Index (ISI), and global improvement. Results: Treatment with indiplon resulted in significant improvement relative to placebo at all time points for the primary endpoint, sLSO. Mean sLSO at Month 1 for each treatment group was: 10 mg (34.0 ± 1.3 mins), 20 mg (33.0 ± 1.3 mins), and placebo (48.7 ± 1.9 mins; P <0.0001 for both comparisons); efficacy was sustained through Month 3. Both doses of indiplon resulted in significant improvement in sleep maintenance and duration endpoints, sTST and sWASO, as well as sleep quality, ISI, and global improvement at all assessment time points. Conclusions: In patients with chronic insomnia, long-term nightly treatment with 10 mg and 20 mg doses of indiplon resulted in significant and sustained efficacy in sleep onset, maintenance, and duration, and significant associated improvement in both daytime functioning and quality of life.
INTRODUCTION

PRIMARY INSOMNIA, MEETING DSM-IV CRITERIA, IS A COMMON ILLNESS WITH AN ESTIMATED PREVALENCE OF 10%-15%, AND A MEDIAN DURATION OF 4 YEARS
, with more than one-third of patients reporting chronicity in excess of 10 years. [1] [2] [3] Cross-sectional studies, utilizing varying definitions, have found the complaint of insomnia to be associated with impaired quality of life and reduced productivity and functioning, 4 increased healthcare utilization, 4, 5 increased risk of accidental injury, 6, 7 and substantial overall economic cost estimated at well over $20 billion in the United States alone. 8 Chronic symptoms of insomnia appear to be associated with an increased risk of coronary events, 9,10,11 reduced immune function, 12, 13 as well as a significantly increased risk of developing major depression. 14 Whether effective treatment reduces these health risks has not yet been tested.
The etiology of chronic insomnia is uncertain, though it is likely to be multifactorial. Transient insomnia may be initially triggered by medical stressors (e.g., pain or illness), psychological stressors (e.g., marital or work stress), or disruptive environmental conditions (e.g., shift work, noisy or uncomfortable sleep setting). 15, 16, 17 In some individuals (the precise proportion is uncertain due to lack of longitudinal studies), transient insomnia persists and may evolve into a chronic illness. 18 Treatment recommendations for chronic insomnia typically include sleep hygiene training and pharmacologic or nonpharmacologic interventions, 19 though a review recently noted that the benefits of sleep hygiene in chronic insomnia are not yet supported by data from controlled treatment research. 20 Recognition of the extent to which insomnia is a chronic and/or recurring illness has led some investigators to call for a systematic program of longitudinal clinical trials research, modeled on the past 20 years of treatment research in depression. 21 Only a small handful of double-blind, placebo-controlled trials have been reported which evaluate the efficacy of hypnotics beyond 2 months of nightly treatment. 22, 23 Additionally, a few double-blind, placebo-controlled trials have studied the long-term (>2 months) efficacy of non-nightly (as needed) treatment for insomnia. 24 Overall, the results of these studies have been positive; but given the extensive long-term use of hypnotics, a recent NIH Consensus Conference noted the need for additional long-term treatment studies. 25 
Long-Term Nightly Treatment with Indiplon in Adults with Primary Insomnia:
Results of a Double-Blind, Placebo-Controlled, 3 
-Month Study
Indiplon is a pyrazolopyrimidine compound which is a benzodiazepine receptor agonist with high affinity and selectivity for the α1-subtype of the GABA-A receptor complex. The selectivity ratio of indiplon ranges from approximately 10-fold for α1-subtype vs. α2-subtype, and up to 350-fold for the α1-subtype relative to the α4-and α6-subtypes. 2, 3 The immediate-release capsule formulation of indiplon utilized in the current study has a Tmax of approximately 1 hour and an elimination half-life of 1.5-2 hours. 26 It is metabolized by CYP3A4 and by carboxyesterase to inactive metabolites.
The objective of the current study was to evaluate the efficacy and safety of 3 months of nightly treatment with indiplon in adult patients with primary insomnia.
METHODS
Study Design
This was a double-blind, placebo-controlled, parallel-group trial designed to assess the efficacy and safety of 3 months of nightly treatment with 10 mg capsules and 20 mg capsules of indiplon in outpatients meeting DSM-IV criteria for primary insomnia. 27 The study was conducted at 64 sites in the United States, Canada, and the United Kingdom. The protocol was approved by institutional review boards (ethics committees) at each site, and the study was conducted in accordance with the Declaration of Helsinki and Good Clinical Practice regulations and guidance. The benefits and risks of study participation were explained to prospective study participants, and written informed consent was obtained prior to study entry or any procedures being conducted.
After completing a drug-free screening period of 7 to 14 days, eligible patients were entered into a 3-week, single-blind placebo lead-in. No assessments were obtained during the drug-free screening period. Daily sleep diary assessments were obtained during the single-blind, placebo lead-in period. At the third (baseline) visit, patients who continued to meet study entry criteria after the placebo lead-in period were randomized (1:1:1) to receive 3 months of double-blind treatment with indiplon 10 mg, indiplon 20 mg, or placebo. The randomization schedule was computer generated by the study sponsor, Neurocrine Biosciences. Patients were instructed to take their assigned study medication at bedtime and to return to the study center for monthly visits. At the end of 3 months of nightly treatment, indiplon was abruptly discontinued by substitution of single-blind placebo for one week. A subgroup of 147 patients (21% of the originally randomized sample) received an additional 3 months of study treatment prior to a Sponsor communication with the US Food and Drug Administration (FDA), which resulted in a protocol amendment reducing the duration of study treatment from 6 months to 3 months. Data from Months 4 to 6 for this subgroup are not summarized in this report.
Subjects
Men and non-pregnant women (those using medically acceptable contraception unless surgically sterilized or >2 years postmenopausal) aged 21-64 years, inclusive, were enrolled if they met DSM-IV criteria for primary insomnia by history for at least 3 months. Prospective subjects were required to meet the following additional criteria: (1) subjective latency to sleep onset (sLSO) >45 minutes on >3 nights per week; (2) subjective total sleep time (sTST) <6.5 hours >3 nights per week; and (3) in the clinical judgment of the investigator, the patient was likely to benefit from nightly use of a hypnotic agent during the study period. The nights on which patients met sLSO and sTST entry criteria were considered "qualifying nights." Usual bedtime was required to be between 21:00 and 01:00, and could not vary by more than 2 hours on at least 5 nights per week. Key exclusion criteria included the following: (1) presence of any clinically significant or unstable medical disorder in the past 30 days; (2) history of epilepsy or serious head injury; (3) presence of any clinically significant abnormal finding on physical examination, laboratory testing, or electrocardiogram (ECG); (4) past history of sensitivity to benzodiazepines or other drugs acting at the GABA receptor; (5) history in the past 2 years of alcohol or substance dependence or abuse as defined by DSM-IV criteria, or a positive urine drug screen; (6) consumption of >5 alcoholic beverages per day or >14 alcoholic beverages per week; (7) use (in the 2 weeks prior to single-blind placebo) of any anxiolytics, antidepressants, anticonvulsants, histamine-1 receptor antagonists (except loratidine and fexofenadine), narcotic analgesics, or potent P450 3A4 inhibitors and inducers; (8) <6.5 hours or >9 hours of time in bed on ≥3 nights per week; (9) comorbid history (in past 3 years) of chronic pain, uncontrolled benign prostatic hypertrophy, major depressive disorder, schizophrenia, panic disorder, generalized anxiety disorder, or dementia.
Evaluations
All insomnia and sleep quality parameters were recorded daily in a sleep diary, which was completed each morning upon awakening. The primary outcome measure was sLSO. Additional patient-rated sleep parameters consisted of subjective wake-time after sleep onset (sWASO), subjective number of awakenings after sleep onset (sNAASO), and subjective total sleep time (sTST). Sleep quality was rated using a 7-point global scale (1=extremely good to 7=extremely poor).
In addition to collection of daily morning ratings of sleep quantity and sleep quality, monthly ratings were also obtained at each patient assessment visit using the following investigator-and patient-rated instruments: (1) The Medical Outcome Study (MOS) sleep scale is a 12-item patient-rated scale which contains a comprehensive set of questions assessing the domains of sleep disturbance (initiation and maintenance), awakening short of breath or with a headache, quantity of sleep, optimal sleep, and sleep adequacy. Two sleep index scores can also be computed using a subset of these items. The scale uses Likert or Likert-type response options, and has been shown to have good psychometric properties. 28, 29 Two items were omitted (snoring during sleep and taking naps during the day), as it was hypothesized they would not be affected by treatment, and their omission does not affect the scoring of the sleep problems indices. (2) The Insomnia Severity Index (ISI) 30, 31 is a patient-rated instrument which consists of 7 items which quantify, on a 5-point scale, the perceived severity of insomnia and insomnia-related interference with daytime functioning. A composite score is obtained by summing the 7 rated dimensions, with a score of 15-21 indicating a moderate level of insomnia and a score of 22-28 indicates severe insomnia. An ISI total score <10 indicates that subjectively rated insomnia symptoms and daytime impairment and quality of life have improved to the minimal-to-none range. 31 (3) A 7-point Investigator Global Rating of Severity scale 32 (IGR-S), with scores
Long-Term Indiplon in Primary Insomnia-Scharf et al ranging from 1 ("normal, not at all ill") to 7 ("extremely severe"). (4) A 7-point Investigator Global Rating of Change (IGR-C), with scores ranging from 1 ("marked improvement") to 7 ("marked worsening"). The IGR-C scale was the only scale not completed at the pre-randomization visit. IGR-C responders were defined as patients who achieved an IGR-C score < 2 (i.e., marked or moderate improvement). 32 The effect of insomnia treatment on daytime functioning was evaluated using the 3-item "impact factor" from the Insomnia Severity Index. The ISI impact factor is a validated subscale of the ISI which rates daytime levels of insomnia-related distress and impairment in quality of life and functioning. 31 
Safety
During the screening period, safety evaluations to assess patient eligibility included physical and neurological examination, vital signs, routine laboratory tests (hematology, serum chemistry, and urinalysis), Hepatitis B surface antigen and Hepatitis C antibody test, pregnancy test for fertile females, 12-lead ECG, and urine drug screen. Vital signs (blood pressure, heart rate, respiratory rate, and oral temperature) were repeated at each visit; weight was measured at screen and end of study. The physical and neurological examination, routine labs, and ECG were repeated at the end of the study. All observed or reported adverse events, irrespective of suspected causality by study drug, were recorded and rated as to severity.
Symptoms of discontinuation were assessed with the Benzodiazepine Withdrawal Symptom Questionnaire 33 (BWSQ), a 20-item questionnaire designed to assess, on a 3-point severity scale, symptoms experienced by patients discontinuing drugs that are active at benzodiazepine-GABAergic receptors. The BWSQ (maximum score of 40) was administered at pretreatment baseline, at the end of double-blind treatment (Month 3), on Days 1 and 2 of the discontinuation period, and at the final visit after the discontinuation period (or at the time of early termination).
Statistical Methods
Demographic and clinical data obtained during the placebo lead-in period were summarized with descriptive statistics, and the comparability of the 3 treatment groups were evaluated via analysis of variance (ANOVA) model with treatment and (pooled) center as fixed effects for continuous variables, and via the generalized Cochran-Mantel-Haenszel (CMH) procedure for categorical variables.
The primary efficacy endpoint was the log-transformed sLSO value for each month of the double-blind treatment period. The log transformation was applied because previous studies indicated that sLSO values tended to have a log-normal distribution. The primary efficacy comparisons were made using a mixed effects repeated measures (MERM) model performed on the intent to treat analysis set, defined as all patients who were randomized and received at least one dose of study drug. Terms in the model included baseline log [sLSO], treatment, center, month (as a categorical variable), month by treatment interaction, and month by baseline log [sLSO] interaction. The within-subject covariance structure for the repeated measures analyses was unstructured, and the restricted maximum likelihood method was used to estimate the covariance matrix. Satterthwaite's adjustment for degrees of freedom was used.
In order to control for the multiplicity associated with conducting 6 statistical comparisons (2 doses versus placebo across 3 time points), a sequential or closed testing procedure was applied to the Hochberg method. 34 More specifically, if the maximum of the two P values was <0.05, significance was claimed for both doses, and testing at subsequent visits proceeded in the same manner. If the maximum P value was >0.05 and the minimum P value was <0.025, significance was claimed for the dose with the minimum P value. If the maximum P value was >0.05 and the minimum P value was >0.025, statistical significance was not claimed, and no subsequent significance was claimed. All P values were reported on the table regardless of the closed testing procedure, but significance was only claimed as described. Claims of significance at Months 2 and 3 were based on the Hochberg method outlined above and a sequential or closed testing procedure. The closed testing procedure requires that testing at later months be contingent on claims of significance from previous months.
Analyses of the secondary variables sTST, sWASO, sNAASO, and sleep quality were conducted via the MERM model described for the primary efficacy analysis. The IGR-S data, IGR-C data, and Patient Reported Outcome (PRO) variables were analyzed using the observed cases (OC) at each month with an ANOVA model including effects of treatment and center, or with an AN-COVA model when a baseline covariate was measured.
Discontinuation effects were examined by analyzing the proportion of patients meeting rebound criteria on Nights 1 and 2 post-discontinuation and by calculating the mean BWSQ total score for the first week of discontinuation. Rebound was defined a priori as an increase in sLSO of >15 minutes from the pretreatment baseline, calculated as the average of the qualifying nights (i.e., nights which met sLSO criteria for study entry). Discontinuation effects were also examined by analyzing the mean change from the qualifying nights baseline in sLSO and sTST on Night 1 and Night 2.
Finally, to evaluate the effect of attrition on efficacy, sLSO was analyzed using observed case data, completer data, and LOCF data, in addition to MERM models. Adverse event and safety data were summarized using descriptive statistics.
RESULTS
Patient Characteristics
A total of 2,029 patients were screened, of whom 702 met eligibility criteria at the end of the 3-week, single-blind, placebo lead-in period. These 702 subjects were randomized to study treatment (Figure 1 ). At intake, the mean + SD age of the study sample in years was 45.9 + 11.7 in the placebo group, 44.9 + 11.4 in the indiplon 10 mg group, and 46.0 + 10.6 in the indiplon 20 mg group. In the placebo, indiplon 10 mg, and indiplon 20 mg groups, respectively, the proportion of females was 65.7% vs. 60.2% vs. 56.7% (P = 0.0153 for indiplon 20 mg vs. placebo). The proportion of patients who were white was 86.7% vs. 80.1% vs. 82.0%. No between-group baseline comparisons were significant for any sleep-related or investigator-rated measure (Table 1) .
A similar percentage of patients randomized to indiplon 20 mg (48.1%) and placebo (49.4%) completed the study, while a higher proportion were completers in the 10 mg group (58.9%; Figure 1 ). Discontinuation due to adverse events was comparable Long-Term Indiplon in Primary Insomnia-Scharf et al for indiplon 10 mg and placebo groups (6.4% vs. 5.2%), but was significantly higher for the 20 mg group (19.7%; chi square, 32.9; P < 0.001 vs. placebo).
Effect of Indiplon on Sleep Onset
Both doses of indiplon produced statistically significant improvement relative to placebo on the primary outcome, latency to sleep onset (Table 1) . Improvement was sustained across all 3 months of study treatment with no evidence of change in mean response over time.
Effect of Indiplon on Sleep Maintenance And Duration
Treatment with indiplon produced significant improvement versus placebo in sleep maintenance and duration measures, sTST, sWASO, and sNAASO ( Table 1 ). The least square mean change in sTST was +45 minutes at Month 1 on indiplon 10 mg and ± 67 minutes on indiplon 20 mg. The improvements observed at Month 1 in sTST, sWASO, and sNAASO were sustained throughout the 3 months of study treatment, with no evidence of change in mean response over time. Subjective WASO was reduced by at least 30 minutes in the majority of patients on both indiplon 10 mg and 20 mg.
Effect on First Treatment Night
Use of indiplon resulted in statistically significant improvement on the first night of treatment in both sleep onset and sleep maintenance and duration measures. Latency to sleep onset was significantly lower in the indiplon 10 mg group compared to placebo (37.6 + 2.3 vs. 51.9 + 3.2; t=3.81; P = 0.0002). Latency to sleep onset was also significantly shorter compared to placebo in the indiplon 20 mg group (32.8 + 2.0; t=5.38; P <0.0001). Similarly, sTST was significantly longer in the indiplon 10 mg group compared to placebo (365.3 + 6.9 vs. 324.4 + 7.0; t=4.22; P <0.0001). Subjective total sleep time was also significantly longer compared to placebo in the indiplon 20 mg group (371.8 + 7.1; t=4.83; P <0.0001).
Global Improvement
Indiplon demonstrated significantly greater global improvement relative to placebo on both the IGR-S and IGR-C scales throughout the 3 months of study treatment (Table 1 ). There were significantly more responders (IGR-C <2) on both doses of indiplon compared to placebo at each month of study treatment (observed case analysis; Figure 2 ). On a 3-month LOCFendpoint analysis, IGR-C responder rates were also significantly higher than placebo (31%) when compared to both indiplon 10 mg (55%; χ 2 , 24.9; P <0.0001) and indiplon 20 mg (54%; χ 2 , 23.5; P <0.0001).
The Insomnia Severity Index (ISI) total score was analyzed to provide an illness-specific measure of improvement in insomnia symptoms and insomnia-related daytime impairment. An ISI total score <10 was utilized as a previously validated criterion to indicate symptom-free response (minimal-to-no symptoms or impairment). 31 A significantly greater number of patients achieved an ISI total score <10 on both doses of indiplon versus to placebo at each month of study treatment (Figure 3 ).
Sleep Quality
Sleep quality was evaluated using 2 patient-rated measures, a 7-point global sleep quality scale, and the MOS Sleep Scale. Sleep quality was significantly improved on indiplon across (Table  2) .
Improvement in Subjective Daytime Functioning
Insomnia-related impairment in daytime functioning, indexed using the 3-item ISI-impact factor, was significantly improved on both doses of indiplon versus placebo ( Table 2 ). The proportion of patients reporting minimal-to-no daytime impairment in functioning and quality of life on the ISI-impact factor (score <6) was also significantly greater for both doses of indiplon versus placebo across all 3 months of study treatment (Table 2) .
Discontinuation Data
Discontinuation effects were examined by 3 methods: (1) as a continuous outcome: change (from pretreatment baseline) in sLSO and sTST on discontinuation Night 1 and Night 2; (2) as a categorical outcome: the proportion of patients meeting a priori rebound criteria; and (3) an analysis of withdrawal symptomatology as measured by the BWSQ. For the first 2 analyses, pretreatment baseline was defined a priori as the average of the qualifying nights (nights during the single-blind placebo lead-in period with sLSO ≥45 minutes and sTST <6.5 hours). Rebound was defined, also a priori, as an increase in the primary outcome measure, sLSO, of >15 minutes from the pretreatment baseline.
Method 1: Change from Baseline
When indiplon was discontinued abruptly by placebo substitution after 3 months of double-blind treatment, sleep onset benefit was largely maintained on post-discontinuation Night 1 All between-group comparisons at baseline were nonsignificant Based on mixed effects repeated measures model on the intent-to-treat sample; sLSO analysis used log-transformed data, untransformed data was used for the other parameters; 
Method 2: Rebound Analysis
On discontinuation night 1, the proportion of patients who met rebound criteria was lower in the placebo group (N=93; 8.8%) than the indiplon 10 mg group (N = 111; 18.9%) and the indiplon 20 mg group (N = 87; 22.1%). On discontinuation night 2, the proportion of patients who met rebound criteria was also lower in the placebo group (1.1%) compared with the indiplon 10 mg group (11.1%) and the indiplon 20 mg group (11.4%).
Method 3: Withdrawal Analysis
To evaluate whether discontinuation of long-term indiplon treatment was associated with benzodiazepine-like withdrawal symptomatology, the mean BWSQ total scores were analyzed at various times during the study including one week after abruptly stopping indiplon. In the indiplon 10 mg group, the BWSQ score was similarly low on the last night of double-blind treatment 
Safety
The following 5 adverse events occurred with an incidence of >5% on one or both doses of indiplon: upper respiratory infection (placebo, 5.2%; indiplon 10 mg, 5.9%; indiplon 20 mg, 6.0%); amnesia (placebo, 0%; indiplon 10 mg, 1.3%; indiplon 20 mg, 6.4%); dizziness (placebo, 3.0%; indiplon 10 mg, 4.7%; indiplon 20 mg, 6.9%), headache (placebo, 6.9%; indiplon 10 mg, 8.5%; indiplon 20 mg, 9.0%); and somnolence (placebo, 1.3%; indiplon 10 mg, 3.0%; indiplon 20 mg, 7.3%).
Among the top 5 adverse events listed above, none were rated as "severe" on placebo, and only headache was rated as severe among patients (1.3%) treated with indiplon 10 mg. Among patients treated with indiplon 20 mg, the following adverse events were rated as "severe": amnesia (1.3%), dizziness (0.9%), headache (1.7%), and somnolence (1.3%).
Most adverse events were relatively transient across the 3 months of study treatment. Median duration of top 5 adverse events experienced while on indiplon were: headache (3 days), amnesia (5 days), dizziness (9 days), upper respiratory infection (11 days), and somnolence (19 days). The severity of adverse events was mild-to-moderate in 95% of patients in the indiplon 10 mg group, 83% in the indiplon 20 mg group, and in 93% in the placebo group.
No serious adverse events (SAEs) occurred that investigators judged to be related to study drug. Five non-treatment-related SAEs occurred on indiplon 10 mg (uterine fibroids, metastatic breast cancer, a transient ischemic attack, chest pain, and a completed suicide), 5 non-treatment-related SAEs occurred on indiplon 20 mg (a renal calculus, breast cancer, an episode of diabetic Long-Term Indiplon in Primary Insomnia-Scharf et al ketoacidosis, viral labyrinthitis, and musculoskeletal chest pain), and one non-treatment-related SAE occurred on placebo, during the single-blind lead-in phase (congestive heart failure).
Abnormal liver function tests were reported as adverse events by 4 patients on placebo, 1 patient on indiplon 10 mg, and 2 patients on indiplon 20 mg. The elevations in liver function tests in the 3 patients on indiplon were mild and transient and judged to be unrelated to study drug. A clinically significant laboratory abnormality consisted of an episode of diabetic ketoacidosis, mentioned in the paragraph above. Two patients on the 20 mg dose of indiplon discontinued prematurely; one due to an increase in heart rate and the other due to an abnormal ECG. There were no other clinically significant treatment-emergent abnormalities in ECG, vital signs, or physical examination.
Long-term Treatment and Efficacy
On the primary outcome measure, sLSO, efficacy was sustained and significant at 3 months regardless of the analytic strategy, or the method used to account for attrition. On the LOCF analysis, the least square mean sLSO value was significantly higher for indiplon 10 mg vs. placebo (n = 228; 30.9 + 1.4 vs. n=214; 45.1 + 2.2; t = 5.74_; P <0.0001), and indiplon 20 mg vs. placebo (n = 221; 32.5 + 1.5 vs. 45.1 + 2.2; t = 4.96; P <0.0001). On the completer analysis, the LS-mean sLSO was significantly higher for indiplon 10 mg vs. placebo (n=154; 29.7 + 1.7 vs. n=130; 38.5 + 2.4; t = 3.11; P = 0.002), and indiplon 20 mg vs. placebo (n=134; 29.9 + 1.8 vs. 38.5 + 2.4; t = 2.91; P = 0.0038). On the observed case analysis, the LS-mean sLSO was significantly higher for indiplon 10 mg vs. placebo (n=158; 29.8 + 1.7 vs. n=132; 38. 
DISCUSSION
The results of this double-blind, placebo-controlled study demonstrate that indiplon significantly improves subjective measures of sleep onset, sleep maintenance and duration, and overall sleep quality in patients with primary insomnia. Improvement in sleep was immediate, occurring on the first night of treatment, and was sustained across all 3 months of study treatment, with no evidence of change in response with time. Improvement on indiplon in primary insomnia symptoms was associated with significant subjective improvement in daytime functioning and quality of life.
Concurrent with improvement in sleep onset and sleep maintenance, treatment with both doses of indiplon resulted in significantly greater responder rates using the investigator-rated criteria, the IGR-C. Despite a high degree of chronicity in the current treatment sample, a significant proportion of patients on both indiplon 10 mg and 20 mg responded to the point that insomnia symptoms and insomnia-related impairment in daytime functioning and quality of life were rated as mild/a-little-to-none/not-atall on the Insomnia Severity Index. Again, mean improvement for each treatment group was sustained through Month 3.
The ISI-impact factor, which indexes the effect of insomnia on daytime functioning and quality of life, was significantly improved on both doses of indiplon. While patient self-report assessments such as the ISI provide a useful proxy measure of daytime functioning, much more research is needed to characterize the precise nature of daytime impairments in cognitive, psychomotor, interpersonal, and occupational functioning. Available studies using objective measures have tended (with a few exceptions 35, 36 ) to find no daytime impairment secondary to insomnia. But the majority of the research has been conducted using small samples, in individuals not meeting DSM-IV criteria for insomnia, and using measures of daytime functioning with low validity. Furthermore, we are unaware of any adequately powered, double-blind, placebo-controlled clinical trials which report the daytime effects of pharmacologic treatment using valid objective functional measures. A recent NIH conference identified use of such objective functional measures in clinical trials as one of the major research goals in the field of insomnia treatment research. 25 Most adverse events were of mild-to-moderate intensity, and were transient in duration. The incidence of adverse events, and discontinuation due to adverse events, were similar for the 10 mg dose of indiplon and placebo. Treatment with the 20 mg dose of indiplon was associated with an incremental increase in the incidence of adverse events. There was no evidence of any clinically significant effect of indiplon on ECG parameters, laboratory tests, physical examination, or vital signs.
In the current study, discontinuation of indiplon was not associated with any increase in benzodiazepine-like withdrawal symptoms. Similarly, improvement in the primary outcome measure, sLSO, was largely maintained on the first 2 nights of discontinuation.
Several limitations of the current study should be noted. First, while subjective data indicate that improvement in sleep parameters for the 2 indiplon dosage groups were sustained through the 3-month endpoint, no polysomnographic data were available in this study to provide objective confirmation of sustained benefit. Subjective sleep data generally, but not always, parallel those of polysomnography. The absence of polysomnography data is also a design limitation of another recent long-term insomnia study. 23 Second, the absence of polysomnography in the current study limited the ability to definitively rule out the presence of rebound. Transient rebound has been reported for hypnotics with an affinity for the benzodiazepine binding site on the GABA receptor, though rebound is not always systematically evaluated, even by self-reported measures, in studies lasting >3 months. 23 Third, the discontinuation rate of ~50% raises a concern that attrition may have introduced bias in the endpoint analysis of efficacy. The robustness of treatment significance, using a range of inferential statistical methods including mixed effects repeated measures analysis, and LOCF, observed case, and completer analyses, suggests that the long-term efficacy of indiplon was not secondary to bias introduced by differentially higher attrition in nonresponders.
Fourth, patients with current psychiatric and acute medical illnesses were excluded. These exclusions are standard in placebo- controlled efficacy trials, but nonetheless, they reduce the generalizability of the study results from research to clinical practice settings where psychiatric comorbidity frequently occurs. A final study limitation was the potential for noncompliance, which may have resulted in an underestimation of treatment effect. Pill counts were done on returned medication, but there was no formal method for assessing adherence to nightly dosing.
In conclusion, this study demonstrates that indiplon, in doses of 10 mg and 20 mg, is a safe treatment which demonstrates efficacy in patients with primary insomnia; it demonstrates reduced tolerability at the 20 mg dose, which is higher than the expected therapeutic dosage range for indiplon. In addition, indiplon significantly improved sleep onset and sleep maintenance and duration, as well as subjectively assessed levels of daytime functioning and quality of sleep. Improvement occurred on the first night of treatment and was sustained for the group as a whole throughout 3 months of treatment.
